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Abstract 
In this paper the effects of thermophoresis on an unsteady magnetohydrodynamic (MHD) forced convective heat and mass transfer flow 
of viscous, incompressible and electrically conducting fluid over a wedge with variable electric conductivity have been investigated. The 
potential flow velocity has been taken as a function of the distance x and time t. The governing time dependent non-linear partial 
differential equations are transferred into locally similar ordinary differential equations and solve numerically by applying Nachtsheim- 
Swigert shooting iteration technique along with sixth order Runge-Kutta integration scheme. Steady solutions are compared with 
previously published works which show excellent agreement. The local similarity solutions for unsteady case are presented graphically 
for the velocity, temperature and concentration profiles in the boundary layer. The results show that skin friction coefficient, Nusselt 
number and Sherwood number are higher for the fluids of constant electric conductivity than those of the variable electric conductivity. 
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1. Introduction  
Thermophoresis is a mechanism of particle deposition, besides other ones like inertial impaction, sedimentation, 
Brownian diffusion etc. Thermophoresis phenomenon has many engineering applications in removing small particles from 
gas streams, in determining exhaust gas particle trajectories from combustion devices, and in studying the particulate 
material deposition on turbine blades. Duwairi and Damesh [1] investigated the effects of thermophoresis particle deposition 
on mixed convection from vertical surfaces embedded in saturated porous medium. Rahman et al. [2] analyzed the local 
similarity solutions for unsteady two dimensional forced convective heat and mass transfer flow along a wedge with 
thermophoresis. Very recently, Adrian Postelnicu [3] studied the thermophersis partical deposition in natural convection 
over inclined surfaces in porous media  
       The study of magnetohydrodynamic flow of an electrically conducting fluid past an arbitrary shape surface has attracted 
the interest of many researchers in view of its important applications in many engineering problems. Recently, the problem 
of magnetohydrodynamic flow over surface has become more important due to the possibility of applications in areas like 
nuclear fusion chemical engineering, medicine and high-speed noiseless printing. Alam et al [4] studied two-dimensional 
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steady MHD convective heat and mass transfer flow over an inclined flat plate with various flow conditions in the presence 
of thermophoresis. 
 
2. Governing Equations of the Flow 
Let us consider an unsteady two-dimensional MHD forced convective heat and mass transfer flow of a viscous 
incompressible electrically conducting fluid along a heated impermeable wedge in the presence of thermophoresis. The 
angle of the wedge is given by . The flow is assumed to be in the x-direction which is taken along direction of the 
wedge and the y-axis normal to it. The geometry of the problem has been shown in Fig.1. 
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Fig.1. Flow configuration and co-ordinate system. 
 
      Then under the usual Boussinesq’s and boundary layer approximations, the governing equations describing the 
conservation of mass, momentum, energy and concentration respectively can be written as follows (see also Rahman et.al. 
[2, 5, 6] ) 
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where VT is the thermophoretic velocity which is defined as follows  
y
T
T
VT .                                                                                                                                                                    (5) 
     For the flow under unsteady, it is relevant to assume that the applied magnetic field strength B(x,t) has the form 
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,),( 0 xBtxB 0B  is constant                                                                                                                              (6) 
and the electrical conductivity is assumed to have the form as )(0 Uu where 0  is a constant. 
Therefore using equation (6) into equation (2) , the momentum equation can be written as 
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2.1. Boundary conditions 
       The applicable boundary conditions for the present model are as follows: 
 u = 0, v = 0, T = Tw , C = Cw ,at y = 0 ,                                                                                                                               (8a)          
yasCCTTtxUu ,),,( ,                                                                                                                          (8b)          
where U(x,t) is the potential  flow velocity for the wedge flow which is taken as follows (see  also Sattar [7]  and Rahman et 
al. [2, 5, 6]): 
1),( m
mxtxU ,                                                                                                                                                                    (9)          
where m is an arbitrary constant and is related to the wedge angle and  is the time dependent length scale  which is taken to 
be as (see  also Sattar [7]  and Rahman et al. [2, 5, 6]) :  =  (t).                                                                                         (10)          
 
3. Dimensionless governing equation                                                                                                            
 
       To proceed we introduce the following non-dimensional variables: 
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where  is the similarity variable ,  is the stream function  that satisfies the continuity equation (1) and is defined by 
yu  and  xv . 
Now using equations (10)-(11) into equations (3), (4) and (7) we obtain the following non linear ordinary differential 
equations: 
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where )1(2 mm is the wedge angle parameter that corresponds to  for a total angle  of the wedge, 
gpcPr  is the Prandtl number, DSc  is the Schmidt number, )( TTTN wt  is the thermophoresis 
parameter, )( CCCN wc is the concentration ratio and 
2
00 BM is the local magnetic field parameter. 
      The corresponding boundary conditions (8) becomes 
1,1,0,0 ff   at 0 ,                                                                                                                       (15a) 
0,0,1f as .                                                                                                                                  (15a) 
Now in order to make the equations (12)-(14) locally similar, let ,1 dt
d
xm
m
                                                          (16) 
where  is taken to be a constant and thus can be treated as a dimensionless measure of the unsteadiness. 
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Hence equations (12)-(14) becomes 
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Further, we suppose that  1mx
c
 , where c is a constant so that      
dt
dc
m
.                                                          (20)        
      Thus integrating (20) we obtain that  1/1)1( mtmc  .                                                                                        (21) 
Now taking 2c  and 1m  in equation (21) we obtain t2  which shows that the parameter  can be compared 
with the well established scaling parameter for the unsteady boundary-layer problems (see Schlichting and Gersten [8] ).               
3.1. Parameters of engineering interest  
       The parameters of engineering interest for the present problem are the local skin friction coefficient, local Nusselt 
number and the local Sherwood number which indicate physically wall shear stress, rate of heat transfer and rate of mass 
transfer, respectively and thermophoretic velocity. These physical quantities can be obtained from the following 
expressions: 
)0(Re221 21 fCf , where 0yw yu .                                                                                             (22) 
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)0(Re2 21Sh ,   where 0yw yCDM .                                                                                            (24) 
)0(
1
Re
2
1 21
0 ty
T
Tw N
xVV .                                                                                                          (25)         
      Thus from equation (25) we observe that the non-dimensional thermophoretic velocity is proportional to the numerical 
values of 0 . 
4. Code validation 
To check the validity of the present code, we have calculated the values of 0,0 ff  and 0f  for the Falkner-
Skan boundary layer equation for the case 0 , M = 0 and 0 for different values of . Table-1 shows the 
comparison of the data produced by the present code and those of White [9]. The results show a close agreement, hence 
justify the use of the present code. 
              Table 1. Comparison of the present numerical results of Falkner-Skan boundary layer equation for the case of   =M = = 0 
 
 f   )(f   )(f   
 Present work 
 
White[9] Present work White[9] Present work White[9] 
0.0 0.00000000 0.00000 0.00000000 0.00000 0.47027089 0.46960 
0.5 0.05872926 0.05864 0.23456114 0.23423 0.46568757 0.46503 
1.0 0.23332581 0.23299 0.46127690 0.46063 0.43494906 0.43438 
1.5 0.51575598 0.51503 0.66235843 0.66147 0.36218408 0.36180 
2.0 0.88800281 0.88680 0.81770859 0.81669 0.25581418 0.25567 
3.0 1.79780496 1.79557 0.97006212 0.96905 0.06763291 0.06771 
4.0 2.78709815 2.78388 0.99872084 0.99777 0.00684790 0.00687 
5.0 3.78738993 3.78323 1.00087632 0.99994 0.00025589 0.00026 
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5.  Results and discussion 
      From the numerical computations non-dimensional velocity, temperature, concentration profiles and the thermophoretic 
velocity as well as the local skin friction coefficient, the local Nusselt number and the local Sherwood number are found for 
different values of the various parameters occurring in the problem. In the simulation of the values of Pr are chosen as 0.71, 
1.74, 2.97 which correspond physically to helium, water, methyl chloride, respectively. The values of Schmidt number Sc is 
taken for Carbon-Dioxide )94.0(Sc . The default values of the parameters are chosen as,  = 1.6 (i. e.  = 2880),  = 0.5, 
Pr = 0.71, M = 0.5, Nc = 3.00, 50.0  and Nt = 2.00, unless otherwise stated. The effect of the various parameters on the 
flow, velocity, temperature and concentration fields are discussed in details in the following subsections 
5.1. Effect of thermophoretic parameter 
     The variation of dimensionless concentration profiles for various values of thermophoresis parameter tN have been 
shown in Fig. 2. .From Fig.2 it is readily seen that the concentration within the boundary-layer decreases with the increasing 
values of the tN . Physical significance of the values of the thermophoretic parameter used here: when the wall is warm, 
bearing in mind the definition of thermophoresis parameter, TNTN twt )1( , so that 1tN  means a wall twice warmer 
than the ambient fluid, i. e. TTw 2 , while 1000tN  describes a very cold wall.  
5.2. Effect of thermophoretic coefficient and concentration ratio  
       The variation of dimensionless concentration profiles for various values of thermophoretic coefficient and the 
concentration ratio 
cN  are shown in Figs. 3-4, respectively. From these figures, we observed that concentration profiles 
within the boundary-layer increases with the increasing values of the thermophoretic coefficient and the concentration 
ratio 
cN  
5.3. Effect of thermophoretic velocity 
      The combined effects of thermophoretic parameter tN and unsteadiness parameter on the dimensionless wall 
thermophoretic velocity have been shown in Fig. 5. Increasing the thermophoretic parameter tN  leads to lower wall 
deposition velocities (curves tN = -16, -4, -2) and larger wall thermophoretic velocities (curves tN = 2, 4, 16) as seen in 
Fig. 5. This effect of tN on TWV  is easily explained by inspection of equation (25). 
      The combined effects of and ; Pr and , on the dimensionless wall thermophoretic velocity ( 2
1
ReTwV ) when  Nt 
= 2 are shown in Figs. 6-7, respectively. From these figures we see that thermophoretic velocity increases for increasing 
values of wedge angle parameter and Prandtl number Pr (when Nt > 0) while it decreases (when Nt < 0).      
 
      In Table-2 we have presented the local skin-friction coefficient, rate of heat transfer and rate of mass transfer for 
different values of the unsteadiness parameter considering the case of variable fluid electric conductivity (VEC) and 
constant fluid electric conductivity (CEC).This table shows that when decreases from 0 to 2.5 then the local skin friction 
coefficient decreases by 89.80% (for the case of VEC) and 94.38% (for the case of CEC). It is also see that for both varable 
electric conductivity (VEC) and constant electric conductivity (CEC) cases the value of  )0( and )0(  increase with 
the increase of . 
         Table 2. Values of )0(f , )0( and )0(  for various values of  
 
)0(f  )0(  )0(   
VEC CEC VEC CEC VEC CEC 
0.0 1.5128 1.5345 0.5204 0.5213 0.4950 0.4958 
0.5 1.2631 1.2884 0.6762 0.6772 0.6395 0.6404 
1.0 0.9827 1.0130 0.8064 0.8075 0.7605 0.7615 
1.5 0.6639 0.7014 0.9188 0.9201 0.8645 0.8657 
2.0 0.2939 0.3425 1.0185 1.0200 0.9565 0.9579 
2.5 0.1543 0.1862 1.1077 1.1098 1.0387 1.0407 
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Fig. 2. Effects of  Nt on concentration for Pr = 0.71, Sc = 0.94, M = 
0.50.  = 1.6 (i. e.  = 2880) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effects of  k on concentration for Pr = 0.71, Sc = 0.94, M = 
0.50.  = 1.6 (i. e.  = 2880) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Effects of Nc on concentration for Pr = 0.71, Sc = 0.94, M = 
0.50.  = 1.6 (i. e.  = 2880) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Effects of    and (Nt > 0 and Nt < 0) on thermophoretic 
velocity for,  = 1.6 (i. e.  = 2880), Sc = 0.94, Nc = 3.00, Pr = 0.71, 
k = 0.50 and M = 0.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Effects of    and  on thermophoretic velocity for Sc = 0.94, 
Nc = 2.00, Pr = 0.71, k = 0.50, M = 0.5, Nt = 2.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Effects of    and Pr on thermophoretic velocity for,  = 1.6 
(i. e.  = 2880), Sc = 0.94, Nc = 2.00, k = 0.50, M = 0.5, Nt = 2.0. 
0 0.5 1 1.5 2 2.5 3
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
= 2, 4, 15, 25Nt
0 0.5 1 1.5 2 2.5 3 3.5
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
= 0.2, 0.4, 0.8, 1.2
0 0.5 1 1.5 2 2.5 3 3.5
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
= 2, 4, 6, 8Nc
0 0.5 1 1.5 2 2.5
-1.2
-1
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
(R
e)
-1
/2
V T
W
Nt = - 2
Nt = 2
0 0.5 1 1.5 2 2.5
-2
-1
0
1
2
3
4
5
6
(R
e)
-1
/2
V T
W
Nt = - 2
Nt = 2
Pr = 0.71, 1.74, 2.97
0 0.5 1 1.5 2 2.5
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
(R
e)
-1
/2
V T
W
Nt = - 16, - 4, -2
Nt = 16, 4, 2
537 ATM. M. Rahman et al. /  Procedia Engineering  56 ( 2013 )  531 – 537 
6. Conclusion 
     In this paper we have discussed the effects of variable electric conductivity and thermophoresis on an unsteady two-
dimensional forced convective heat and mass transfer flow over a heated impermeable wedge. The numerical results have 
been presented in the form of graphs and tables. From the present numerical investigations the following major conclusions 
may be drawn: 
(i) Concentration within the boundary-layer decreases with the increasing values of the thermophoretic 
parameter whereas it increases as increases the thermophoretic coefficient as well as the concentration ratio. 
(ii) Wall thermophoretic velocity increases for increasing values of wedge angle parameter  and Prandtl 
number Pr (when Nt > 0) while it decreases (when Nt < 0).    
(iii) The local skin friction coefficient, Nusselt number and Sherwood number are higher for the         
fluids of constant electric conductivity than those of the variable electric conductivity. 
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